Zinc Arsenide, Cadmium Arsenide, High Pressure Phases, Crystal Structures
Introduction
The previously unknown compounds ZnAs and CdAs could be prepared by high-pressure decomposition of ZnAs2 and CdAs2 or by high-pressure synthesis from Me3As2-As mixtures 1 . In the present paper we describe the crystal structures of the new high-pressure phases.
Besides the well-characterized compounds with 1:1 stoichiometry, pressure temperature treatment of ZnAs2 and CdAs2 yielded further quenchable phases whose stability and exact composition are not known 1 . The diffraction data obtained for these phases is presented as an appendix for comparison purposes. All efforts to index this data were without success.
Experimental
The experimental details concerning the synthesis of the high-pressure phases have been discussed 1 . ZnAs could be synthesized practically without impurities, while CdAs still had fair amounts of Cd3As2 and As present. However, the diffraction lines due to the impurities were not as sharp, and thus were easy to recognize and remove. The retained phases were fine, well-compacted powders. All efforts to grow single crystals of ZnAs and CdAs under high pressure and temperature using fluxes of Znl2 and As were without success.
The diffraction patterns were obtained using a Huber Guinier Camera (film and counter methods) and monochromatized CuKai (A = 1,5405 Ä) radiation. The intensity data are for the areas of the peaks (counter methods) and were measured using a planimeter.
Structure Determination
The powder patterns obtained for ZnAs and CdAs are listed in Tables I and II respectively. In each case the observed peaks could be readily indexed using the method of DE WOLFF 2 , and yielded orthorhombic cells with a = 5.679(2) Ä, 6 = 7.277(4) Ä, c = 7.559(4) Ä and a = 5.993(4) A, 6 = 7.819(6) Ä, c = 8.011(6) Ä, respectively. Systematic absences in both cases indicated that the space group is D^-Pbca. From the experimentally determined density for ZnAs of 5.9 g • cm -3 , the unit cell must contain 16 atoms. The experimentally determined density of CdAs was less accurate due to the presence of Cd3As2 and As. However, the value also indicated that 16 atoms were required in the unit cell. This structural data suggested that the compounds CdAs and ZnAs are isostructural with CdSb and ZnSb 3 . Using the published data for CdSb as a starting model, the structural parameters could be calculated and refined (Table III) The compositions of the high-pressure phases ZnAs and CdAs were determined previously 1 using synthesis experiments at high pressures in the systems Zn3As2-As and Cd3As2-As. As a check, the occupancy factors for Zn, Cd and As were varied in the structural calculations. Significantly, any variation from the 1:1 composition produced a far worse -R-value for both ZnAs and CdAs.
Discussion
ZnAs and CdAs are isostructural with ZnSb and CdSb. The cell constants of ZnAs and CdAs are slightly smaller than those of ZnSb and CdSb, as would be expected for the smaller As atom. The structure of ZnSb and CdSb has been regarded as a strongly deformed diamond structure 3 . Each atom was reported to have four nearest neighbours, one being of the same kind and the other three of the second kind. This structure was related to the highpressure Si III structure 4 , which was seen as a less distorted form of the diamond structure.
It is important to note that the CdSb-structure type can be thought of as an arrangement of Cd-Cd/Zn-Zn and Sb-Sb/As-As pairs. This is illustrated in Fig. 1 and supported by the fact that the intermetallic distances are very short, and in certain cases slightly shorter than in the corresponding pure metals. Fig. 1 . Crystal structures of ZnAs and CdAs (The unit cell setting is that of I.e. 3 
for comparison purposes).
The interatomic distances and bond angles show that ZnAs, CdAs, ZnSb and CdSb cannot be described as tetrahedral compounds. Table IV confirms that the coordination number for the CdSb-structure type is not 4. On the other hand, the structural relationship to the Si III structure with a coordination number 4 for Si (Table IV) is obvious. How should these structures be described ?
KASPER and RICHARDS 4 discussed the Si III structure as a distorted diamond structure, but no simple mechanism of transforming the diamond structure into this distorted form was found. Another viewpoint is obtained from FISCHER 5 who calculated the sphere-packing conditions for certain cubic lattices. For the space group I a 3, a dense sphere packing exists with 16 atoms in the 16(c) positions with x = 0.1035, and this arrangement bears no direct relationship to the diamond structure. Si III has the 16 Si atoms in the 16(c) positions with 2 = 0.1003, and Table IV confirms that this arrangement is a tetrahedral structure. This agreement suggests that the Si III structure is best described as a simple dense sphere packing. The CdSb-structure type can then be viewed as a distorted form of Si III which occurs when differentsized spheres are packed into the unit cell.
A possible route for lowering the symmetry of Ia3 into the symmetry of Pbca via maximal subgroups 6 is Ia3->Pa3-^Pbca.
The essential step for the adaptation of the Si Illstructure for a binary 1:1 compound is the loss of centering (I a 3->-Pa 3). However, from the present work it appears that an in-between structure type with space group Pa 3 is not obtained. This can be understood if one tries to pack pairs of As and Cd/Zn atoms into a cube. Using a fixed As-As distance and the Si III coordinates a cell results in which the Cd-As and Zn-As distances have a value substantially larger than that found in the present work. It appears therefore that in order to obtain this shorter distance, the orthorhombic distortion occurs.
The distortion also increases the mean coordination number for both anions and cations to a value greater than four, and this is consistent with the average valence electron concentration VEC = 3.5 for ZnAs and CdAs, as compared to VEC = 4 for si in.
The orthorhombic distortion occurs with little changes in the atomic parameters and axial ratios (Table V) . It should be emphasized, that this relatively small distortion of a dense sphere packing with high symmetry not only allows the adaptation for different sized spheres but also results in different coordination numbers. Finally, it will be noticed that the pairs of atoms in ZnAs and CdAs are arranged so that the midpoints of the pairs form a NaCl-like arrangement. This simple structural description would appear to be an extension of the pyrite structure. However, this pietme gives very little information regarding space-filling and coordination of the CdSb-type structure. Therefore the use of the sphere-packing model is preferable.
Appendix
Additional quenchable phases where found above the melting curves of ZnAs and CdAs 1 . The powder patterns of these two phases are listed in Table VI , but could not be indexed satisfactorily. The exact composition of these phases is not known, but is expected to be ZnAs and CdAs. However, it is also possible that the diffraction data presented represents a multiple phase mixture in each case. This is supported by the fact that a partial indexing of the data is possible.
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